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All experiments were performed on adult cockroaches of Blaberus
craniifer (Burmeister) maintained at room temperature and fed Gerber’s
Mixed Baby Cereal. Sugar (glucose and treha lose) concentrations were
determined on hemolymph samples collected from fed males and females,
while another group of females had been starved for one week prior to
sampling. The glucose oxidase and anthrone methods were used to
determine Hemolymph concentrations for glucose and trehalose, respec
tively. The mean values for the fed cockroaches were 5.61 and 0.98
mg/mI for trehalose and glucose, respectively, while the values for the
starved group were 11.41 and 4.19 mg/ml, respectively.
Sacs made from sect ions of the gut were injected with C14—glucose
(0.0944 mg/mI) placed in a bathing solution of physiological saline con
taining 0.80 mg/mI glucose. Radioactive glucose was transported across
the different sections of the gut incubated at different temperatures.
The presence of a metabolic inhibitor showed a significant decrease in
III
the amount of transport. it was therefore concluded that there is an
active transport system for glucose in the gut of B. craniifer.
An in vivo determination of the conversion rate for glucose into
trehalose was made by injecting &4—glucose in the hemolymph of B.
craniifer. After various time periods, hemolymph samples were taken and
the sugars separated on thin-layer chromatograms (silica gel, F-254)
placed in a solvent system of n—butanol, pyridine, and water (70: 15: 15).
Based on our results, about 50% of the radioactivity (initially glucose)
was identified as trehalose in one hour.
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Although the existence of trehalose has been known for over a
century, It was not found in the hemolymph of insects until the last two
decades. The work of Wyatt, Loughheed, and Wyatt (1956) showed the pre
sence of a substance that was reactive to anthrone, but it was not a re
ducing sugar, sucrose, or glycogen.
Carbohydrates are as important a metabolic fuel for insects as it
is for other organisms. Sugar metabolism has received some study, but
it was not until after the monumental work of Wyatt and Kaif (1957) that
widespread research in this area was begun. Their work has shown that
this non—reducing substance reactive to anthrone was trehalose (alpha-D—
glucopyranosy1-alpha_D_g1ucopyrano5id~)~ This dissacharide of glucose
is not a reducing sugar because of the bond between the anomeric carbon
atoms of its glucose subunits.
Before 1957, widespread research was discouraged because only trace
amounts of sugar had been found in the hemolymph, thereby making meta
bolic studies very difficult. Since that time, a great deal of work has
been done in this area by several researchers (Kilby, 1963; Chefurka,
1965; and Gilmour, 1965).
In a review by Wyatt (1967), it was shown that the concentrations
of glucose and trehalose found in the hemolymph of insects varies
greatly. It is hoped that in this investigation some relationship can
be shown between the concentrations of these sugars. The first part of
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this research will be devoted to measurements of glucose and trehalose
concentrations in the hemolymph of adult Blaberus craniifer.
Trehern&s (1957, l958a) study relative to glucose transport in
insects has been a primary source of reference in many reviews on the
subject. He concluded that the transport of glucose across the gut is
due to passive diffusion and that the diffusion gradient is enhanced by
the rapid conversion of glucose into trehalose, once this transport has
taken place. It is hoped that this hypothesis can be tested.
Since Treherne (1958b) demonstrated that glucose is indeed changed
into trehalose after its absorption into the hemolymph and since Candy
and Kilby (1959) pointed to the fat body as the site of synthesis, con
siderable work has been done with the fat body and its synthesis of tre
halose (Evans and Dethier, 1957; Randall and Derr, 1965; and Jungreis
and Wyatt, 1972). It is hoped that in the last part of this investiga
tion some relationships can be developed between the initial sugar con
centrat ions (both glucose and trehalose) and the rate of conversion of
glucose into trehalose. It also is hoped that some relationship can be




As stated earlier, the review article of Wyatt (1967) shows great
diversity in the sugar concentrations (both glucose and trehalose) be
tween, and even within, species of insects. Clegg and Evans (1961) have
shown that exercise causes a decrease in the sugar concentrations in the
hemolymph of the blowfly, Phormja regina. The trehalose concentration in
a rested insect was found to be 27.10 mg/mi, while in one that had flown
for three hours it decreased to 4.59 mg/mi. Evans and Dethier (1957)
stated that the trehalose values in the hemolymph of the blowfly varied
from 1.25 to 30.0 mg/mi. In the grasshopper, Randall and Derr (1965)
reported that the trehalose level was 14.52 mg/mi, while the glucose
level was 0.25 mg/mi of the hemolymph. Florkin and Jeun faux (1964)
reported that in the larvae of P. regina, trehalose was absent. Saito
(1963) reported that the treha lose hemolymph concentration was between
4.5 and 6.0 mg/mi in P. regina. The American cockroach, Periplaneta
americana, was found to have glucose and trehalose hemolymph concentra
tions of 4.0 and 14.0 mg/mi, respectively (Wyatt, 1967). In Blaberus
discoidal is, a trehalose concentration of about 16.7 mg/mi (or 49.1 n*I)
was reported by Jungreis and Wyatt (1972). According to Howden and
Kilby (1960), the reducing substance found in insect hemolymph are mainly
not sugars but amino acids, such as tryosine and proline. An overview of
sugar metabolism can be found in either the review of Wyatt (196la) or
the book of Gilmour (1961). It was also observed by Wyatt (l96lb) that
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there is an injury effect in that the sugar concentrations increase
after injury.
Sanford (1918) was one of the first to study the physiology of the
alimentary canal of cockroaches. Until the present time, it seems as
though the definitive work in the area of glucose absorption was done by
Treherne (1957, 1958a). As stated in the introduction, he hypothe
sized that the glucose transport was due to passive diffusion. Most re
views on the subject seem to support his work (Kilby, 1963; House, 1964;
Treherne, 1967; Wyatt, 1967; and Jungreis and Wyatt, 1972). However,
Beament (1964) stated that there is an active transport system for
moving water from the gut into the hemolymph.
Treherne (1958b), using C14_glucose and chromatography, showed that
glucose is incorporated into trehalose. It was shown by Candy and Kilby
(1959) that the site of the biosynthesis of trehalose is the fat body.
Steele in 1963 (as cited in Berridge and Prince, 1972) found that tre—
halose production by the fat body is regulated by a hormone. A study
relative to trehalose synthesis was reported by Chefurka (1964). Main
pathways for both the biosynthesis of trehalose and sugar metabolism




All experiments were performed on the adult cockroach, Blaberus
craniifer (Burmeister) which were raised at room temperature in aquaria
of varying sizes. The bottoms of the aquaria were filled with 1 to 2
inches of a 50:50 mixture of vermiculite and sand. They were fed
Gerber’s Mixed Baby Cereal placed in Petri dish tops on the bottoms of







Water was placed in baby food jars filled with absorbent cotton and
turned upside down onto Petri dish tops lined with Cotton.
All optical densities were measured on a Bausch and Lomb Spectronic
20. Liquid scintillation counting was performed on a Nuclear Chicago
liquid scintillation counter. Also used in the research were a constant—
temperature water bath and VirTis freeze-dryer.
Methods of Procedure
As stated in the introduction, our research encompassed three main
areas: 1) the determination of glucose and trehalose concentrations of
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the hemolymph; 2) to ascertain whether active transport of glucose does
or does not occur across the gut; and 3) to measure the incorporation
rate of glucose into trehalose.
Glucose and trehalose concentrations of the hemolymph.
Glucose determinations were performed by using the Glucostat method
published by Worthington Biochemical Corporation, Freehold, N. J. This
method uses the enzyme, glucose oxidase, to produce hydrogen peroxide
and gluconic acid. This hydrogen peroxide in the presence of reduced
chromogen causes the oxidation of the chromogen indicated by the pro
duction of a yellow color reaction. The working reagent for this method
was prepared as follows: the chromogeri was dissolved in a small amount
of distilled water and added to a graduate cylinder; the glucostat was
dissolved in a small amount of distilled water and added to the graduate
cylinder containing the dilute chromogen; the final volume was adjusted
to 50 ml; and the solution was stored in a dark bottle under refrigera
tion until it was needed.
The glucostat test was as follows:
1) 1.9 ml of distilled water was added to a 0.1 ml sample contain
ing the glucose to be measured,
2) 1.0 ml of 2.0% ZnSO4.7H20 and 1.0 ml of 1.8% Ba(OH)2.8H20 were
added to the solution,
3) the Solution was centrifuged for 5 minutes,
4) 2.0 ml of the supernatant was pipetted into a clean test tube
and 2.0 ml of the working glucostat reagent was added,
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5) at the end of ten minutes a few drops of 4N HCI was added to
stop the color reaction, and
6) the optical density was measured at 400 nm.
The following preliminary experiments were performed to determine
a) the optimum wavelength for measuring, the optical density, and b) the
optimum time and temperature for color development. To determine the
optimum wavelength, the above procedure was followed by using a single,
1.0 mg/mi glucose solution. This sample was used to measure the optical
densities at wavelengths ranging from 340 to 600 nm at 20 nm intervals.
The procedures to determine the optimum time and temperature for
color development were the same as the above except that separate, 1.0
mg/mi glucose solutions were run at two different temperatures (24 and
37 C), each having seven different time intervals (10, 15, 20, 25, 30,
45, and 60 minutes).
The glucose standard curve was determined by using glucose solutions
of the following concentrations; 0.20, 0.40, 0.60, 0.75, 0.80, 1.0, 1.5,
2.25, and 3.0 mg/mi. The procedures were the same as the above except
that the color development was performed at 37 C.
Trehalose was measured by using the anthrone method. The samples
were handled in the following manner:
1) 0.1 ml of the solution to be tested was added to a large test
tube (25 x 150 nm),
2) 0.15 ml of 6N NaOH was added,
3) 3.0 ml of 0.2% anthrone in 95% H2S04 was added,
4) the tube was placed in boiling water for 5 minutes,
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5) the tube was then placed in an ice water bath for 5 minutes to
stop color development,
6) the optical density was measured at 620 nm.
To determine the optimum wavelength for measuring the optical
density, a single, 0.4 mg/ml trehalose solution was treated as above and
measured at wavelengths ranging from 600 to 800 nm at 20 nm intervals.
To determine the optimum time for color development, separate, 0.4 mg/mi
trehalose solutions tested as above were placed in the boiling water bath
for 0, 2, 5, 10, 15, and 30 minutes. The sample not placed in the boil
ing water bath was placed in an ice water bath for 2 minutes.
The trehalose standard curve was determined using trehalose solu
tions of the following concentrations: 0.20, 0.40, 0.60, 0.75, 0.80,
1.0, 1.5, 2.25, and 3.0 mg/mi. The final test procedures were the same
as above (see Chapter iv).
The glucose and trehalose concentrations of the hemoiymph were
determined on separate samples collected with a Pasteur pipette at the
base of the forelimbs. The samples were then placed in tared test tubes
and weighed. The weight of the sample was converted into volume by
assuming the density of the hemolymph to be 1.0 gm/mi. The procedures
followed for the glucose and trehalose determinations were the same as
given earlier, except that the volume of the sample had to be taken into
account in calculating the concentrations. The sample size, on the
whole, was much smaller than the 0.1 ml volume used in determining the
standard curves.
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Active transport of glucose across the gut.
A radioactive tracer, C14—glucose (obtained from Schwarz—Mann,
Orangeburg, N. J.), was used to see if there was any active process to
transport glucose from the low concentrations in the gut to the higher
concentrations in the hernoiymph. A series of in Vitro experiments were
set up to test this hypothesis. Those sections of the intestine re
quired for each experiment were removed from the cockroach and rinsed
out if needed. The section of gut was then tied off at the posterior
and a blunt hypodermic needle was inserted through the opening at the
anterior end. A loose knot was made around the anterior end so that the
needle was still positioned inside of the sac. Ten microliters of
0.0944 mg/mi C14-glucose (specific activity, 190 mc/mM) solution was
then injected into the sac. As the needle was withdrawn, the knot was
tightened. The sac was then rinsed with Griffiths—Tauber solution
(Hoar and Hickman, 1967) which was prepared as follows: 14.63 gm NaC1,
0.45 KC1, 0.50 CaCl2, and 0.19 NaHCO3, all dissolved to make one liter
of solution. The rinsed sac was then placed into a test tube containing
5.0 ml of 0.80 mg/mI glucose in Griffiths—Tauber solution. Each tube was
supplied with air by means of a Pasteur pipette. One-tenth milliliter
samples were taken at the following times: 1, 5, 15, 30, 45, 60, and
120 minutes. The samples were placed in liquid scintillation vials to
which were added 10.0 ml aliquots of Aquasol (obtained from New England
Nuclear, Boston, Mass.). ~n some of the experiments, the sac was emptied
into the bathing solution at the end of the two hours and an extra
sample was taken. This sample’s count was matched against the count
from a sample of initially injected C14_glucose solution in order to
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measure the recovery of the radioactivity. All counting periods were 10
minutes in length, with the exception of the initially, injected solu
tion, which was counted for less than one minute due to its high radio
activity.
For the experiment, the following sections of gut were used and main
tained at the temperatures shown in the parentheses:
2 fore- and mid-gut sections (28 C) joined together
1 hind—gut section (28 C)
6 fore—gut sections (3 at 28 C, 1 at 0 C, 2 at 38 C)
5 mid-gut sections (3 at 28 C, 1 at 0 C, 1 at 38 C)
One fore-gut and one mid-gut section were also •used at 28 C with the
bathing solution containing 0.1 14 sodium azide. The Sections were
determined in the following manner (see Fig. 1): the fore-gut extended
posteriorly from the esophageal area to just anterior of the gastric
caeca; the mid—gut sections extended from just posterior of the gastric
caeca to the Maiphigian tubules; and the hind—gut Section extended from
the Malphigian tubules to the rectal region. The only Sections that
contained the gastric caeca were those in which the fore— and mid-guts
were left joined.
Incorporation of glucose into trehalose.
In this set of experiments, C’4—glucose was injected into the cock
roaches and at specific time intervals, hemolymph samples were removed.
The glucose and trehalose components of these samples were then separated
by thin—layer chromatography. The respective spots were then placed in
Fig. 1. Diagram showing locations of fore—gut (F), mid—gut (M), and




a liquid scintillation counter to determine the ratio of radioactivities
of the separated glucose and trehalose.
Each cockroach was starved for one week prior to sampling for
initial glucose and trehalose determinations. The samples were taken
from the base of the left forelimb. Two hours were allowed for the cock
roaches to recover, after which 0.025 ml of 0.3745 mg/ml C14-glucose
(specific activity, 240 mc/n~1) was injected into the left half of the
abdomen. Hemolymph was collected from the base of the right hindlimb
at 15, 30, 60, and 90 minutes after the C14—glucose injections. The
sample weights were used for volume determination, assuming that the
density of hemolymph is near 1.0 gm/mi. Each sample was placed in hot
methanol. The liquid fraction was then freeze—dried, redissolved in 0.1
ml of distilled water, and 0.05 ml of this Solution was then spotted on
thin—layer chromatography plates (Silica gel F-254, 0.25 mm thick, from
Brinkman Instruments, Inc., Westbury, N. V.). The plates were then
placed in a solvent system of n-butanol, pyrldine, and water (70: 15: 15).
Control solutions of glucose and trehalose were run simultaneously to
determine the respective Rf values. The solvent was allowed to migrate
to a height of 10 cm (approximately 3 hours). After drying, 1 x 2 cm
block of the chromatogram were removed and placed in liquid scintilla
tion vials for radioactive counting. The first block was located so that
there was 1 cm on either side of the original spot and so that there was
0.5 cm above and below the original spot (see Fig. 2). Six successive
blocks were then removed for each unknown sample. Ten milliliters of
Aquasol was added to each of the samples and the samples were then
counted for 10 minutes on the liquid scintillation counter. It was
Fig. 2. Diagram showing location of samples taken from chromatogram.
EL
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important that the unknown samples were removed before the locating of
the controls with a spray of 0.5% potassium permanganate in IN NaOH,





Maximum absorbance of the glucose standards using the Glucostat
method was at a wavelength of 400 nm and better color development was
observed at 37 C instead of the 25 C as suggested by the procedure.
Since there was no significant change in the absorbancy with an increase
in time for color development after 10 minutes at 37 C, a time period of
10 minutes was chosen for the final test procedure.
The maximum absorbancy for the trehalose standards, using the
anthrone method, was at a wavelength of 620 nm. The optimum time for
color development was 5 minutes at 100 C.
Sugar content of the hemolymph.
Glucose and trehalose concentrations were calculated using the
following formula:
Concentration = (op~tical density) x (0. D. factor);
(mg/mi) sample volume (ml)
where the 0. D. factor was the slope of the standard curve
(mg/optical density unit).
Tables I and 2 show the trehalose concentrations in the hemolymph
for females (12) and males (8) respectively, with no feeding restric
tions. The mean value for the trehalose concentrations in the hemolymph
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Table 1. Trehalose concentrations in the hemolymph of female Blaberus cranlifer with no previous restrictions
on feeding.
Animal Sample Optical O.D. Concentrationa
number vol. (ml) density factor (mg/ml)
1 0.0149 0.175 0.375 4.40
2 0.0087 0.14 0.375 6.03
3 0.0234 0.45 0.375 7.21
4 0.0130 0.25 0.375 7.21
5 0.0100 0.155 0.375 5.81
6 0.0260 0.25 0.375 3.61
7 0.0175 0.152 0.375 3.26
8 0.0205 0.462 0.375 8.45
9 0.0047 0.08 0.375 6.38
10 0.0101 0.147 0.375 5.46
11 0.0110 0.145 0.375 4.94
12 0.0116 0.135 0.375 4.36
aMean = 5.59 ± 1.57 mg/mi
Table 2. Trehalose concentrations in the hemolymph of male Blaberus craniifer with no previous restric
tions on feeding.
Animal Sample Optical O.D. Concentrationa
number vol. (ml) density factor (mg/mi)
13 9.0067 0.105 0.375 5.82
14 0.0230 0.38 0.375 6.20
15 0.0178 0.23 0.375 4.84
16 0.0084 0.15 0.375 6.70
17 0.0147 0.186 0.375 4.74
18 0.0134 0.22 0.375 6.16
19 0.0119 0.20 0.375 6.30
20 0.0116 0.135 0.375 436
aMean = 5.64 ± 1.23 mg/mi
18
of females was 5.59 mg/mi, while the mean value for the trehalose con
centrations in the hemolymph of males was 5.64 mg/mi.
Tables 3 and 4 show the glucose concentrations for fed females and
males, respectively. The mean value for the females was 0.99 mg/ml,
while for the males it was 0.98 mg/mi.
Tables 5 and 6 show the relationships between the trehaiose and
glucose concentrations in the same insect. Table 5 shows the concentra
tions and the ratios of trehalose to glucose (T/G) for the females,
while the values for the males is shown in Table 6. The mean value for
the female T/G ratio was 6.29, while the male T/G ratio mean was 6.38.
A group of seven, starved females used in the glucose incorporation
rate experiments were aJso sampled to determine the initial glucose and
trehalose concentrations in their hemolymph. The mean value for the
trehalose hemolymph concentrations was 11.41 mg/mi (Table 7), while the
mean value for the glucose hemolymph concentrations was 4.19 mg/mi
(Table 8).
Table 9 shows the T/G ratios for these seven, starved females. The
mean value for the T/G ratio was 3.62.
Glucose Transport
As seen in Figs. 3 and 4, the fore— and mid—gut sections (still
joined) at 28 C exhibited the highest amounts of transport (approximate
ly 15,000 cpm), while the hind—gut section at the same temperature
(Fig. 5) only reached a maximum of 3000 cpm. An indication of the
amount of C14—glucose that was transported by the end of two hours is
shown by the percentage on each graph. This percentage was determined
Table 3. Glucose concentrations in the hemolymph of female Blaberus cranitfer with no previous restric
tions on feeding.
Animal Sample Optical o.o. Concentrationa
number vol. (ml) density factor (mg/ml)
1 0.0108 0.027 0.29 0.73
2 0.0087 0.030 0.29 1.00
3 0.0088 0.035 0.29 1.15
4 0.0108 0.089 0.29 2.39
5 0.0107 0.022 0.29 0.60
6 0.0160 0.030 0.29 0.54
7 0.0137 0.023 0.29 0.49
8 0.0136 0.070 0.29 1.49
9 0.0088 0.035 0.29 1.15
10 0.0137 0.055 0.29 1.16
11 0.0226 0.045 0.29 0.58
12 0.0165 0.037 0.29 0.65
aMean = 0.99 ± 0.54 mg/mi
Table 4. Glucose concentrations in the hemolymph of male Biaberus cranlifer with no previous restric
tions on feeding.
0
Animal Sample Optical 0.0. Concentrationa
number vol. (ml) density factor (mg/mi)
13 0.0138 0.045 0.29 0.95
14 0.0089 0.037 0.29 1.21
15 0.0083 0.018 0.29 0.63
16 0.0067 0.022 0.29 0.95
17 0.01 13 0.019 0.29 0.49
18 0.0137 0.085 0.29 1.80
19 0.0119 0.049 029 1.19
20 0.0161 0.036 0.29 0.65
aMean = 0.98 ÷ 0.46 mg/mi
Table 5. Trehalose/glucose ratios in the hemolymph of female Blaberus cranlifer with no previous restric
tions on feeding.
Animal number Trehalose (mg/mi) Glucose (mg/mi) Ratio (T/G)a
1 4.40 0.73 6.03
2 6.03 1.00 6.03
3 7.21 1.15 6.27
4 7.21 2.39 3.02
5 5.81 0.60 9.68
6 3.61 0.54 6.69
7 3.26 0.49 6.65
8 8.45 1.49 5.67
9 6.38 1.15 5.55
10 5.46 1.16 4.71
11 4.94 0.58 8.52
12 4.36 0.65 6.70
aMean = 6.29 ÷ 1,68
Table 6. Trehalose/glucose ratios in the hemolymph of male Blaberus cranilfer with no previous restric
tions on feeding.
Animal number Treha lose (mg/mi) Glucose (mg/mi) Ratio (T/G)a
13 5.82 0.95 6.13
14 6.20 1.21 5.12
15 4.84 0.63 7.68
16 6.70 0.95 7.05
17 4.74 0.49 9.67
18 6.16 1.80 3.42
19 6.30 1.19 5.29
20 4.36 0.65 6.71
aMean = 6.38 ± 1.88
Table 7. Trehalose concentrations in the hemoiymph of female Blaberus cranlifer that had been previously
starved for one week.
Animal Sample Optical O.D. Concentratioria
number vol. (ml) density factor (mg/mi)
21 0.0088 0.54 0.17 42.96
22 0.0111 0.63 0.14 7.95
23 0.0118 0.345 0.14 4.09
24 0.0089 8.345 0.14 5.43
25 0.0075 0.54 0.12 8.64
26 0.0067 0.41 0.12 7.34
27 0.0043 0.125 0.12 3.49
aMean = 11.41 ± 14.05 mg/mi
Table 8. Glucose concentrations in the hemolymph of female Blaberus craniifer that had been previously
starved for one week.
F,.)
Animal Sample Optical 0.D. Concentrationa
number vol. (ml) density factor (mg/mi)
21 0.0140 0.255 0.23 4.19
22 0.0086 0.12 0.23 3.21
23 0.0034 0.06 0.23 4.06
24 0.0035 0.01 0.23 0.66
25 0.0159 0.36 0.23 5.21
26 0.0021 0.065 0.23 7.12
27 0.0026 0.055 0.23 4.87
aMean = 4.19 ± 1.98 mg/mi
Ji~•
Table 9. Trehalose/giucose ratios in the hemolyrnph of female Blaberus craniifer that had been previously
starved for one week.
Animal number Trehalose (mg/mi) Glucose (mg/mi) Ratio (T/G)a
21 42.96 4.19 10.25
22 7.95 3.21 2.48
23 409 4.06 1.01
24 5.43 0.66 8.22
25 8.64 521 1.66
26 7.34 7.12 1.03
27 3.49 4.87 0.72
aMean = 3.62 ± 4.11
Fig. 3. Transport of C~-g1ucose (CPM) across a fore— and mid—gut
section of intestine at 28 C as a function of time. Percent
age refers to the amount of total radioactivity transported





















Fig. 4. Transport of CiLgiucos. (CPH) across a for- and mid-gut
soctio~s of intastin. at 28 C as a function of tins. Parcnt














TIME ( hrs )
Fig. 5. Transport of C14”glucos. (CMI) across a bind-gut action of
intistins at 28 C as. function of tin.. Porc.ntag. r.f.rs


















by multiplying the final cpm at two hours by 50 and comparing it with the
amount of cpm initially injected into the sac. A sample run on the
liquid scintillation counter, that was equal to the injections made into
each sac, gave a cpm of 1,900,000. The fore—gut Sections (Figs. 6, 7,
and 8) showed higher amounts of transport than the mid-gut sections
(Figs. 9, 10, and II) at the same temperature. A significant difference
(about 3000 cpm) is seen between the maximum levels of the two groups.
It was also observed that a change from 28 C caused a change in the
amount of transport shown by the counts per minute values reached at the
end of two hours. Low temperature (0 C) caused a decreased amount of
transport in both the fore— and mid—gut sections as shown in Figs. 12
and 13, respectively. An increased temperature (38 C) also caused a
decrease in the amount of transport (Figs. 14, 15, and 16). The presence
of a metabolic inhibitor, sodium azide, also causes a significant
decrease in the transportation rate (Figs. 17 and 18). Tables 10 through
12 show the radioactive counts for all glucose transport experiments.
Recovery experiments yielded results from 78 to 94%. For the fore-
gut maintained at 0 C (Table ii), the count (labelled S) shows a result
of 29,978 cpm. This sample is about one—fiftieth of the bathing solu
tion. Taking this into account along with the count from the initial
inject ion;
Per cent recovery ~9,978 cpm x 50 x 100
1,900,000 cpm
gives a recovery of 78%.
FIg. 6. Transport of C1’.glucos. (CPM) acrnssa fora-gut saction of
intastin. at 28 C asa function of tEas. P.rc.ntag. r.f.rs
















FIg. 7. Transport of C’4-glueos. (CPM) acrassa fora-gut sastion of
Intastine at 28 C asa function of time. Percentage refers

















Fig. 8. Transport of C~’~-g1ucose (CPM) across.a fore—gut section of
intestine at 28 C as a function of time. Percentage refers















Fig. 9. Transprt of C14-glucas. (CPM) across a aid-gut saction of
intastia. at 28 C as a function of tim.. P.rc.ntag. r.f.rs
















TIME ( hrs )
Fig. 10. Transport of C14—glucose (CPM) across a mid-gut section of
intestine at 28 C as a function of time. Percentage refers














FIg. ii. Transport of C&glucos. (CMI) across a midget saction of
intastins at 28 C as. function of tims. P.rc.ntags rofors


















FIg. 12. Transport of C14—glucos. (CPM) across. foregut saction of I
Intact)., at 0 C asa functIon of tlas. P.rc.ntags r.f.rs


















Fig. 13. Tranport of C14gluan. (CM) across a .id-gut notion of
intostins at 0 C sea function of time. Percentag. refers

















Fig. 14. Transport of C’4-glucose (CPM) across a fore-gut section of
intestine at 38 C as a function of time. Percentage refers

















Fig. 15. Transport of C14’glucos. (6PM) across a fore-gut section of
intestine at 38 C asa function of ti.e. Percentage refers













FIg. 16. Transport of C’4-glucos. (CPN) across a midgut saation of
intastin. at 38 C as a function of time. Percantags raf.rs














Fig. 17. Transport of C1tglucos. (CM) across a foregut soction of
intostin. at 28 C as a function of ti... Percentage refers
to the aoow.t of total radioactivity transported at the end


















Fig. 18. Tranport of C’4—glucos. (CM) area a aid-gut section of
intestine at 28 C asa functien of time. Percentage refers
to the amount of total radioactivity transported at the end

















Table 10. The transport of radioactive glucose at 28 C across different sections of cockroach gut.
Time Section of intestine a~d counts per minute
per I od
(minutes)
M÷F M+F F F F
1 879.40 1,112.00 787.40 789.00 746.80
5 2,310.00 2,368.40 1,468.70 4,002.40 1,976.30
15 7,735.10 6,222.10 3,150.00 6,104.30 2,342.70
30 8,672.30 7,437.70 5,369.80 8,180.20 6,467.00
45 12,508.50 11,201.00 8,310.10 9,444.60 8,426.10
60 14,515.10 13,111.20 9,469.90 9,835.90 9,986.20
120 15,483.20 14,332.30 10,743.10 11,210.70 12,348.20
S* - - 30,120.20 - -
4:-
‘-.3






































Time Section of intestine and counts per minute
period
(ml flutes)
H M M M
~Counts labeled S are for recovery; see the text.













































*Counts labeled S are for recovery; see the text.
**Error explained in text.
Time Section of intestine, temperature, and counts per minute
period
(minutes)
F F F M
OC OC 38C 38C 38C
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Table 12. The transport of radioactive glucose across different
sections of cockroach gut at 28 C in the presence of
0.1 M sodium azide.













From Fig. 19, it can be seen that there is a shift of radioactivity
towards the lower levels of the chromatograms. This indicates a shift
towards a greater abundance of trehalose. Looking at Fig. 19 (15 minutes
after the injection), very low amounts of radioactivity are seen at the
I and 2 cm marks, while there is even more radioactivity at 2 cm than at
3 cm (1.5 hours after injection). The above figure shows the radio
activity of samples taken from cockroach #23. Tables 13 through 19 show
the radioactjvitjes and the location of the controls on all seven cock
roaches.
The radioactive trehalose-to—glucose ratios are used as an indicator
of the conversion rate. The data reported in Table 16 shows that the
l5—minute sample has its maximum radioactivity at the 3—cm mark. The
glucose and trehalose controls are shown to be located at the 3.0 and
1.5 cm marks, respectively. Because the glucose control is right at the
3 cm mark, the complete count (3,165 cpm) was taken as C14-glucose. The
trehalose control, being found at 1.5 cm, was halfway between the 1 and
2 cm samples, so that 50% of the 1 cm count (252 cpm) and 50% of the 2
cm count (128 cpm) were taken as C14-lwehalose. The trehalose-to-glu
cose ratio would be 380 cpm to 3,165 cpm or 0.12, as shown in Table 20.
Table 20 and Fig. 20 are included as a summary of results for this
part of the investigation. Fig. 20 graphically shows the relationship
between the mean values of the radioactive trehalose-to-glucose ratios
and time of sampling after the initial, radioactive sample.
Fig. 19. Separated hemolymph samples taken at different times after
injection of C14~.g1ucose showing radioactivity at different
levels of the chromatogram and also sh~iing the location of






































0 1 2 3 4 5 6
DISTANCE (cm)
Table 13. Radioactivity of samples taken from chromatograms showing distances traveled and the location of
controls for cockroach #21.
Time of Distance (cm) traveled on Distance (cm)
sampling chromatogram and CPM of samples traveled by controls
after
0 1 2 3 4 5 6 Glucose Treha lose
injection
0.25 263 526 1,531 3,666 415 50 34 3.0 1.5
0.50 239 487 2,648 381 170 59 32 3.0 1.5
1.00 603 2,898 7,290 1,444 611 208 120 3,4 1.7
1.50 2,312 9.045 11,781 2,282 588 451 190 3.4 1.7
4:-
Table 14. Radioactivity of samples taken from chromatograms showing distances traveled and the location of
controls for cockroach #22.
Time of Distance (cm) traveled on Distance (cm)
sampling chromatogram and CPM of samples traveled by controls
after
0 1 2 3 4 5 6 Glucose Trehalose
injection
0.25 12,315 6,732 3,030 12,673 3,425 2,315 1,353 3.0 1.5
0.50 1,673 850 840 4,258 1,083 543 438 3.0 1.5
1.00 935 940 798 8,720 645 250 200 3.4 1.7
1.50 583 853 3,248 2,833 593 175 203 3.4 1.7
0
Table 15. Radioactivity of samples taken from chromatograms showing distances traveled and the location of
the controls for cockroach #23.
Time of Distance (cm) traveled on Distance (cm)
sampling chromatogram and CPM of samples traveled by controls
after
0 1 2 3 4 5 6 Glucose Treha lose
i nj ec t i on
0.25 410 980 378 2,365 1,735 225 180 3.2 1.6
0.50 382 468 250 1,620 688 145 60 3.2 1.6
1.00 845 2,148 3,028 3,883 2,360 405 245 3.4 1.7
1.50 613 1,823 1,215 980 310 213 130 3.4 1.7
U,
Table 16. Radioactivity of samples taken from chromatograms showing distances traveled and the location of
controls for cockroach #24.
Time of Distance (cm) traveled on Distance (cm)
sampling chromatogram and CPu of samples traveled by controls
after
0 1 2 3 4 5 6 Glucose Trehalose
injection
0.25 338 503 255 3,165 905 105 118 3.0 1.5
0.50 940 1,388 1,905 9,023 2,055 188 178 3.0 1.5
1.00 578 668 715 3,555 203 88 83 3.0 1.6
1.50 463 1,058 2,843 2,680 205 75 115 3.0 1.6
Ui
F%)
Table 17. RadioactivIty of samples taken from chromatograms showing distances traveled and the location of
controls for cockroach #25.
Time of Distance (cm) traveled on Distance (cm)
sampling chromatogram and CPM of samples traveled by controls
after
0 1 2 3 4 5 6 Glucose Trehalose
injection
0.25 795 1,048 798 5,615 3,570 203 198 3.4 1.6
0.50 700 658 640 4,705 1,490 148 115 3.4 1.6
1.00 303 400 328 3,353 1,003 80 83 3.0 1.5
1.50 630 1,443 3,203 1,115 530 158 103 3.0 1.5
U,
Table 18. Radioactivity of samples taken from chromatograms showing distances traveled and the location of
controls for cockroach #26.
Time of Distance (cm) traveled on Distance (cm)
sampling chromatogram and CPM of samples traveled by controls
after
0 1 2 3 4 5 6 Glucose Treha lose
inject ion
0.25 570 578 255 4,183 410 80 68 3.2 1.6
0.50 473 410 388 1,638 105 48 83 3.2 1.6
1.00 508 848 1,783 3,558 588 85 58 3.0 1.5
1.50 800 2,335 5,233 2,400 210 80 68 3.0 1.5
Table 19. Radioactivity of samples taken from chromatograms showing distances traveled and the location of
controls for cockroach #27.
Time of Distance (cm) traveled on Distance (cm)
sampling chromatogram and CPM of samples traveled by controls
after
0 1 2 3 4 5 6 Glucose Treha lose
injection
0.25 433 505 230 3,255 698 113 113 3.2 1.7 ~j
0.50 203 265 148 1,498 395 53 53 3.2 1.7
1.00 713 918 913 5,713 1,378 110 150 3.0 1.5
1.50 560 1,098 2,155 3,578 1,200 90 70 3.0 1.5
Fig. 20. Average radioactive trehalose-to—glucose (T/G) ratios from
seven (7) female Blaberus cranijfer as a function of time.
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Table 20. A comparison of initial hemolymph trehalose-to—glucose ratios and radioactive trehalose-to—
glucose ratios as a function of time.
Animal Initial Time (hours) of sampling and radioactive T/G ratios
number hemolymph
0.25 0.50 1.00 1.50
T/G ratio
21 10.25 0.29 4.22 5.09 6.65
22 2.48 0.39 0.20 0.15 1.33
23 1.01 0.28 0.24 0.84 1.96
24 8.22 0.12 0.18 0.20 0.79
25 1.66 0.19 0.19 0.11 2.13
26 1.03 0.11 0.30 0.37 1.58
27 0.72 0.11 0.14 0.16 0.45
Mean 0.21 ~ 0.11 0.78 ± 1.52 0.99 ± 1.83 2.13 ± 206
U,
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In experiments where radioactive glucose was spotted directly onto
a chromatogram, 98% of the radioactivity found on the chromatogram was




Contrary to findings, such as Evans and Dethier (1957), where their
trehalose values varied from 1.25 to 30.0 mg/ml, the values of the group
of fed Blaberus craniifer were very consistent and in close agreement
with those values reported by Bowers (1962). It was not expected that
the range and variance of the concentrations would be as small as found
in our investigation. The range for the trehalose concentrations was
only 5.19 mg/ml, from a low of 3.26 mg/mi to a high of 8.45 mg/mi for
cockroaches with no previous restrictions on feeding. This is a narrow
range as compared with findings on other insects.
As reported earlier, the age and embryonic development of the in
sect is an important factor in determining the hernolymph sugar levels.
This has been shown in the grasshopper egg by Randall and Derr (1965),
in the silkworm by Florkin and Jeunlaux (1964), and in B. cranlifer by
Bowers (1962). Bowers (1962) showed that in t~ie fifth instar of the
hornworm, Protoparce sexta, there was a gradual decline in the trehalose
levels between molts as the insect grew older. By using only adults of
B. cranlifer, it was hoped that the variance due to time of molting
would be eliminated.
The variance found in this research may be due to several factors.
Bowers (1962) found that different sugar levels are observed in the
hemolymph of B. craniifer that had been fed ground dog food and those
59
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that had been fed glucose in their water. It is important to mention
again that the diet of the cockroaches during the course of this re
search was Gerber’s Mixed Baby Cereal (73.1% carbohydrates). Clegg and
Evans (1961) showed that exercise (flying) in the blowfly causes a drop
in the trehalose levels found in the hemolymph. The cockroaches were
chosen completely at random with no knowledge of previous exercise or
feeding activities. These are probably the most important factors in
causing the variance in the sugar concentrations reported. Bowers (1962)
even reported that an injection of water caused an increase of trehalose
with a concomitant decrease of glucose. This agrees with the findings
of Wyatt (1961b) that there is an injury effect which causes a temporary
rise in sugar concentrations with a subsequent decline to normal levels.
Following the above reasoning, one could only conclude that adult
B. craniifer fed with Gerber’s Mixed Baby Cereal and picked entirely at
random had a mean trehalose concentration value of 5.59 mg/mi in females,
while in males it was 5.64 mg/ml. For glucose, the mean values were 0.99
mg/mi for the females and 0.98 mg/mi for the males. For the group of
female cockroaches that were starved for a period of one week prior to
sampling, both the trehalose and glucose hemolymph concentrations were
increased to mean levels of 11.41 mg/mi and 4.19 mg/mi, respectively.
There was also a much higher degree of variance in this group. This is
probably due to differences in activity during the starvation period.
The ratio of trehalose to glucose in female cockroaches with no restric
tions on feeding averaged 6.29, while the trehaiose-to-glucose ratios
for the starved females was at a mean of 3.62. This lowering in the
ratio is mainly due to the increased glucose concentrations. As stated
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before, previous activity has a major role in determining the sugar con
centrations of the hemolymph. One interesting event occurred with cock
roach #24 (Table 9). After sampling, the female gave birth to fifteen
nymphs. This may have been the reason for the maintenance of the low
glucose concentration. In the determination of the sugar concentrations
of the hemolymph, there does not appear to be any significant difference
between the sexes. it must be emphasized again that any change in the
procedural steps followed in this research may cause a considerable
change in the results.
Active Transport
Treherne (1957, l958a) reported that there is no active transport
system for glucose in the locust. He concluded that the movement of glu
cose from the gut is due to passive diffusion. This rapid transport is
maintained by the rapid conversion of glucose into trehalose which sus
tains a steep concentration gradient in the direction of the hemolymph.
When he used small concentrations of radioactive glucose (lower than in
the hemolymph), he found some radioactivity in the hemolymph. He con
cluded that this was due to some sort of exchange with no net absorption.
Experiments by Randall and Den- (1965) on everted grasshopper
intestines found that there was no build up of glucose in the inside of
the sac as similar experiments with mammals have shown. An active
transport system for water and inorganic ions had been found as reported
in review by Beament (1964).
Figure 21 shows a diagramatic representation of the processes in
volved in allowing the passive transport of glucose from the gut,








according to Treherne (1957, l958a,b). In this research, the experi
ments were performed in vitro to eliminate the trehalose synthesis by
the fat body. In our research, low concentrations of radioactive glu
cose were placed inside the gut as compared to the concentrations of
the bathing solution. it is argued that if radioactivity can be traced
to flow against the concentration gradient, then there must be some
type of active process to transport the glucose.
Active transport is dependent on metabolism. If the metabolic
rate is changed, the active processes of the organisms are also changed.
In this research, changes in temperature and the addition of an inhibi
tor cause a change in the amount of glucose transported. This, it is
concluded, is the evidence presented for the existence of an active
transport system for glucose.
Another finding of this part of the research was that the fore—gut
region of the alimentary canal appeared to have a greater rate of glu
cose absorption than the mid—gut or the hind—gut. According to Treherne
(1957), the main absorption occurs in the mid—gut with the limiting
factor being the rate at which the crop empties. Treherne (1958a) also
found that a poisoned sac still transport at the same rates as the un—
poisoned sac. In this research, it has been found that the fore—gut
transports glucose at a slightly higher rate than the mid—gut, while
there is a significant rate change in the presence of an inhibitor.
The location of maximum absorption may be different from those reported
by Treherne due to the selection of the sac ends. He said that the
main absorption occurred at the mid—gut caeca with a slightly lesser
degree at the proventriculus. In this research, the caeca were not
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included in any of the sacs made except those that had both the mid— and
fore-gut regions (see Fig 1). This probably explains the differences
found in this research as compared with those found earlier by Treherne
(1957).
It is therefore concluded that there does appear to be an active
transport system for glucose in the intestine of B. cranilfer and that
the area of most absorption occurs anterior to the gastric caeca.
Glucose Conversion Rate
Treherne (1958b) stated that with the locust, Schistocerca gregarja,
over 90% of injected C14—glucose was changed into trehalose within 15
minutes and that there was no appreciable difference whether the injec
tion was made into the gut or directly into the hemolymph. Wyatt (1967)
reported that with the blowfly, Phormia regina, 97% of injected Cik—glucose
was changed into trehalose within 30 minutes. In our research, the con
version was observed to be slower. After an hour, about half of the
radioactivity was still in the form of glucose. This difference may be
due to the difference in the activity of the other insects as compared
with B. cranlifer. As seen in Table 20, cockroaches 24 and 27 did not
reach a l-to—l ratio between trehalose and glucose even after 1 and a
half hours. This may be due, in the case of #24, to the fact of giving
birth, while in #27 it may be due to the low, initial treha lose—to—
glucose ratio.
In conclusion, reference to Fig. 21 would be an appropriate over
view to this research. The first part of this investigation dealt with
the determinations of the hemolymph concentrations of glucose and tre—
halose. The second part supports the fact that there does seem to be
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an active transport system for glucose in the gut of B. cranlifer, while
the last part of the research dealt with the conversion rate of glucose




1. The hemolymph concentrations for the adult Blaberus craniifer fed
with Gerber’s Mixed Baby Cereal (73.1% carbohydrate) have been found
to be 5.61 mg/ml trehalose and 0.98 mg/ml glucose with no significant
differences in sex.
2. The hemolymph concentrations for trehalose and glucose in females
starved for a period of one week was found to be 11.41 mg/mi and
4.19 mg/mi, respectively.
3. There appears to be an active transport system for glucose from the
gut of adult B. cranlifer due to differences in transport rate with
changes in temperature and inhibitors, which would not be the case
with passive diffusion.
4. A higher level of transport was found in the fore—gut as compared
to the mid-gut and hind-gut at the same temperature.
5. Approximately 50% of injected C14_glucose is changed into trehalose
within one hour after the injection.
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